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Abstract— The Cupuaguzeiro (Theobroma grandiflorum
Schum.) is widely cultivated in tropical regions of Brazil but has
a few recommendations and requirements. The quality and
growth of seedlings can be improved by nitrogen fertilization.
The objective of this work was to evaluate the influence of
different dosages of urea applied and coverage in the substrate
for the seedling production of the Cupuagu tree. The
experiment was installed in the University campus of Gurupi
from Universidade Federal the Tocantins in the first half of
2010. The experimental design used was the random blocks with
four repetitions and five treatments, being 0, 20, 40, 60 e 80 mg
dm-3 the basis of urea nitrogen. Each parcel consisted of five
seedlings queued. Were measured weekly the diameter and
height of the aerial part. The 72 DAE, the seedlings were
collected for the evaluation of the following biometric data:
average leaf area (cm2), average leaf area, and total and total
(9), the relationship APA/DC, APA/ MSPA and the Dickson
quality index (1QD). The results were subjected to polynomial
regression analysis to evaluate the effects of doses of nitrogen,
testing the linear and quadratic models. The relation and height
of the aerial part by the diameter of the stem and height of the
aerial part by the dry mass of the aerial part showed that
fertilizations between 74 and 80 mg.dm—3 of N should provide
Cupuagu seedlings more balanced. The IQD indicated that
doses of 66 mg.dm-3 of N may promote a better quality
standard of Cupuacu tree seedlings.

Index Terms— Theobroma grandiflorum, fruit growing,

IQD.

. INTRODUCTION

The Cupuagu tree (Theobroma grandiflorum Schum.) is a
fruit tree widely cultivated in the tropical regions of Brazil
and also found in nature, in its natural habitat in the soil firm
forests of the Amazon region, mainly in the State of Para. It
belongs to the family Malvacea and is considered one of the
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most attractive fruit trees of the Amazon region, because it
has a pulp of flavor and aroma appreciated, being used in the
manufacture of various products such as juices, jellies,
liqueurs, compotes, creams, sweets, ice creams, among others
[1].

With the increase of consumption in the last decades, the
cultivation of the Cupuagu tree has expanded to other
Brazilian regions, leaving the extractive exploitation over
past, because it is in the process of domestication [2] [3].

In the commercial plant of Cupuagu seedlings propagated
sexually or by the vegetative route are used, through the
grafting. The Cupuacu tree presents characteristics of the
precocity of fruiting, making the vegetative propagation
unnecessary for the reduction of the juvenile period of the
plant [4].

Due to being a native species of recently discovered
commercial interest, the Cupuagu tree has few
recommendations and prescriptions. Among them are the
best conditions of production of seedlings, considering
factors such as seed type, substrate, and fertilization.

One of the main factors that guarantee the success of fruit
growing is the quality of the seedlings made by the producer.
Thus, the first step to success in the implementation of a
poem is to obtain quality changes that provide an adaptation
in the production of the field, with good condition [5] [6].
Conditions favorable to the production of seedlings
contribute to the increase of homogeneity, sanity, and
reduction of planting mortality. The production of seedlings
is influenced by external factors such as water, light,
temperature, oxygen, pathogens, internal seed quality factors
and the availability of nutrients.

The quality and growth of the seedlings can be improved
through mineral fertilization, with developmental reflexes,
precocity and greater survival in the field, so much which
without its application it results in problems in the transplant,
because it does not reach the ideal parameters [7, 8].
Nitrogen is the mineral nutrient most required by most plants
and deficiency of this nutrient usually limits plant
productivity in agricultural ecosystems [9] [10].

According to [11] [10], the use of nitrogen to produce
seedlings in containers has shown good results in several
crops, maximizing its production.

Nitrogen deficiencies initially manifested in the chlorotic
Cupuagu seedlings in the lower leaves and with the increased
intensity of the deficiency develop necrotic points on the edge
of the sheet, beginning at the apex of the leaf between the
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secondary veins. With the intensification of the deficiency,
the chlorosis extends throughout the plant occurring necrosis
of the superior leaves [12] [13]. The objective of this work
was to evaluate the influence of different dosages of urea
applied on the substrate cover for the production of Cupuagu
tree seedlings.

Table 1: Stem diameter and height of the Cupuacu tree
seedlings to air 30 DAE.

Treatment Diameter (mm)  Height (cm)
T1 - Witness 4,02a 16,72 a
T2-20mgdm-3 4,02a 16,92 a
T3-40mgdm-3 3,92a 16,79 a
T4-60mgdm-3 3,99a 16,83 a
T5-80mgdm-3 4,04a 16,58 a

CV (%) 5,6 2,87

Averages compared by Tukey a 5% of probability.

Il. MATERIALS AND METHODS

The present work was carried out at the Experimental Station
of the University Campus of Gurupi-Tocantins Federal
University in the first half of 2010. The experiment was
installed under the screen nylon type (50% of brightness).
Polyethylene bags were used to 1,12 dm3, filled with 1 dm3
in Earth-based substrate of the basement and carbonized rice
straw in the proportion of 1:1 v/v, enriched with 2,68 kg m-3
of superphosphate.

To obtain the seeds were selected 6 fruits of a commercial
Orchard of Tabocugu Farm, located in the city of Miracema
do Tocantins, Tocantins. The fruits were broken, by
removing the seeds that were depleted with the aid of
scissors, washed for the withdrawal from the rest of the
mucilage and, then, with the aid of a soft and absorbent, It
was removed the excess water. After 24 hours were sown
seeds 198, only one in every sachet, taking advantage to make
the experiment only those germinated on a regular basis and
who had equity in stem diameter and height, ranging from
3,92 a 4,04 e 16,58 a 16,92 respectively.

The experimental design used was the random blocks with
four repetitions and five treatments, being 0, 20, 40, 60 e 80
mg dm—3 the basis of urea nitrogen, applied weekly in liquid
form, using 8 ml of the solution per plant. Each parcel
consisted of five seedlings queued, being used to obtain the
data, the three sets that are located inside of the parcels.
Fertilization started at 30 days after plant emergence, as well
as the height of the assessment (APA) and stem diameter
(DC), which were carried out weekly, totaling at the end of
the experiment, set 6 and 7 data collections. The diameter of
the stem was obtained with the aid of digital caliper, by taking
two measurements perpendicular to each other and the 0.5 cm
above the cotyledons, and main stem height, measured with a
ruler.

The 72 DAE, the seedlings were collected for evaluation of
the following biometric data: average leaf area (cm2) by leaf
area meter, model Cl 202 — CID Incorp; and root dry mass
(MSR) and shoot (MSPA) and total (MST), so that the
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samples were dried in an oven with forced air circulation the
70 ~C until constant weight, and subsequently in heavy scales
semi-analytical.

With these variables were calculated against APA,
APA/MSPA and the Dickson quality index (IQD). The 1QD,
second [14], is calculated in a way that is balanced, including
the relationship of morphological parameters as MST (sum of
MSPA with MSR), MSPA and MSR, APA and DC which
features the following formula: 1QD = MST (g) /[APA (cm)
/DC (mm) + MSPA (g)/MSR (g)].

The results were subjected to polynomial regression analysis
to evaluate the effects of doses of nitrogen, testing the linear
and quadratic models, being selected to explain the results,
which present the biggest value for the coefficient of
determination (R2). The analyses were carried out with the
aid of the program EXCEL, 2003.

I1l. RESULTS AND DISCUSSION

It can be observed that there was a linear response in the
evolution of the height of the Cupuagu tree seedlings in due
time after the start of nitrogenous fertilization (Figure 1).
Treatments that showed the greatest height growth were those
in which the seedlings underwent the largest doses of
nitrogen, 80, 60 e 40 mg.dm—3, indicating the positive effect
of nitrogen fertilization on the growth of the seedlings.
Among the treatments, which provided greater height
increment was 60 mg.dm—3 N with 5,84 cm, followed by the
80 mg.dm—3 with 5,38 cm e 40 mg.dm—3 with 5,34 cm.
Plants that received 20 mg.dm—3 N are ineffective against the
other, previously cited doses, providing an increase in height
of only 4,09 cm. However, it proved better than the witness,
which showed a growth of 2,74 cm in the course of the
evaluation period.
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Fig. 1: The height of the aerial part of the
Cupuacu tree seedlings in relation to nitrogen
doses depending on the days after the
initiation of the nitrogenous fertilization. UFT,
Gurupi-TO, 2010.

According to [15] and [10] working with nitrogen
fertilization in the formation of rootstocks in the absence of
mineral supplementation with nitrogen, plant growth, which
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feature performance quite lower than those fertilized with a
nutrient source. [16], found the gain in height of seedlings of
Umbuzeiro up 156% When compared plants fertilized with
N, where the seedlings have issued few branches and often
demonstrating gems still numb. According to him, these
results demonstrate the participation of this nutrient in the
Constitution of essential proteins in plant growth resulting in
inhibition of the cell division process.

Figure 2 shows the quadratic regression analysis of the
height of the shoot regarding the doses of nitrogen. Segundo
[14] and the height of the aerial part is an important biometric
data to predict the initial growth in the field, being technically
accepted as a good measure of the performance of plantula.
Through this analysis, it was found that the maximum
estimated value is 22.5 cm, from 59.2 mg dose, dm-3 nitrogen
(Figure 2). It is observed that the determination of nitrogen
from that caused depressive effects on the height of the aerial
part of the plant. Comparing the results obtained by the
witness without nitrogen, with the other treatments, there was
clearly the importance of the nitrogen supply to the Cupuagu
tree growth. This result agrees with [17], and which found
that the absence of nitrogen on the production of rootstalk of
Saputizeiro compromises the growth of seedlings, when
confronted those who received the nutrient, verified also on
work[13].
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Fig. 2: Height of the aerial part of Cupuacu tree
seedlings, according to the doses of nitrogen to 42 days
after the beginning of weekly fertilization. UFT,
Gurupi-TO, 2010

According to [18] and [19] the diameter of the stem is easily
measurable, whose method is not destructive, being one of
the most important parameters to estimate the survival of
seedlings in the field.

For all doses applied, the seedlings showed a positive linear
response, showing a gradual increase in the diameter of the
stem of the Cupuacu tree seedlings in relation to the time of
the experiment. However, with the addition of N, it was
observed that the seedlings showed better behavior with
respect to this parameter (Figure 3). The treatments with 80,
60, 40 e 20 mg.dm—3N provided a higher stem diameter,
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differed from witness after 28° day after fertilization.

At the end of the evaluation period, the treatments with the
doses of 80, 60, 40 e 20 mg.dm— N 3, provided an increase
in diameter of the stem of 1,14; 1,15; 1,18 e 0,94 mm,
respectively, while the witness allowed only 0.53 mm
increase in stem diameter.
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Fig. 3: The diameter of the stem of the Cupuacu tree
seedlings with relative nitrogen doses depending on the
days after the start of nitrogenous fertilization. UFT,
Gurupi-TO, 2010.

Figure 4 allows us to observe the response of N in the
diameter of the Cupuagcu tree seedlings, the quadratic model
was the best in the evolution of the diameter of the seedlings
with increased doses of nitrogen (R2=0,969). This positive
quadratic effect indicates that the use of increasing N doses
resulted in an increase in seedling diameter values, and the
estimated dose of 70 mg.dm-3, allowed to reach the
maximum value of 5.18 mm. Similar results found [15], in
work with lemon tree grafting "Harpsichord", [20], with work
rootstalk of Saputizeiro, Lombardi et al. (1999) to experiment
with peach rootstocks, cv. Capdeboscq, [21], with clonal
seedlings of cocoa and [22] with Acacia seedlings. [23]
defined that to change knew, the doses of 124 e 197
mg.dm—3 N, detected through quadratic models, provide the
largest diameters in red-yellow and cambisols argisols, with
values of 7,83 e 7,90 mm, respectively.
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Fig. 4: The diameter of the stem of Cupuagu tree
seedlings, according to the doses of nitrogen to 42 days
after the beginning of weekly fertilization. UFT,
Gurupi-TO, 2010.

According to [24] and [25] the value resulting from
dividing the height of the aerial part of a seedling by its
diameter, represents a balance of growth, relationship
between these two parameters in a single index.

Second [26] and [27] the relative height/stem diameter is
one of the characteristics used to evaluate the quality of forest
seedlings because in addition to reflect the accumulation of
reserves, better fixation in the soil.

The data obtained from the relative height of the shoot by
the diameter of the stem were adjusted by the quadratic model
(Figure 5). The maximum value of the relationship turned
around 4.35 was obtained in witness. [24] cited by [18] States
that the lower the value of the relationship, the greater the
ability of seedlings survive and settle on the final planting
area. In Figure 5, you can see that the minimum estimated
value was found with the dose of mg.dm -3 N 80, resulting in
a relationship APA/DC 4,25 In this way, it should be noted
that the fertilization of 80 mg.dm—3 N provides a more
balanced and vigorous seedlings.
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Fig. 5: Aboveground height ratio from the diameter of
the stem in Cupuacu tree seedlings, according to the doses
of nitrogen to 42 days after the beginning of weekly
fertilization. UFT, Gurupi-TO, 2010.

Analysis of leaf area is important for highlighting the leaves
as a source of production of organic sap which has a key role
in plant growth [28] cited by [16].

The leaf area showed quadratic response to nitrogen
fertilization, reaching the maximum development with the
estimated value in 309 cm2, by the study of regression, in the
dose of 80 mg.dm—3 N (Figure 5). A similar response had
[21], which found a quadratic effect of nitrogenous
fertilization in clonal seedlings of cocoa. [16], verified the
nitrogen fertilization has contributed positively to the initial
development of seedlings of Umbuzeiro, demonstrated by an
increase in leaf area and in other parameters as well as similar
results found for [29] in Sunflower.
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Fig. 6: Leaf area of seedlings of Cupuacu tree,
depending on the nitrogen doses to 42 days after the
beginning of weekly fertilization. UFT, Gurupi-TO, 2010

The data obtained from aerial dry mass were adjusted by
the quadratic model (Figure 7), from which determined the
maximum production 2,369, corresponding to the use of the
dose of 65,5 mg.dm—3. The comparison of the witness
without nitrogen, with the other treatments, demonstrates
performance lower than those fertilized with urea,
highlighting the importance of providing nitrogen for
seedling formation of Cupuagu aiming to incorporation of
organic material; Similar results were found in works with
nitrogen fertilization on seedlings of cocoa [21], cultivated
plant nearest the Cupuacu, and in seedlings of sabia [23]
where the dose of 186 mg.dm -3 N the basis of ammonium
nitrate resulted in the maximum value of 18.2 g MSPA
estimated by quadratic model.
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Fig. 7: Aerial dry mass (MSPA) Cupuagu tree

seedlings, according to the doses of nitrogen to 42 days
after the beginning of weekly fertilization. UFT,
Gurupi-TO, 2010.
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According to [18] and [30] and root dry mass has been
recognized by several authors as being one of the most
important and best parameters to estimate the survival and
initial growth of seedlings in field.

The response of the Cupuacu tree seedlings to increased
nitrogen fertilization followed a quadratic model for root dry
mass. A result similar to in [31] with passion fruit seedlings
1,12 g with the maximum estimated dose in 60 mg.dm—3 N in
cover every 7 days on the substrate. After this point, it was
observed a mild depressive effect. A similar effect, however,
more pronounced was found by [11] with the production of
seedlings of sweet passion and [32], with a change in cells of
yellow passion. By [33], reports that the depressive effect
may be due to the decrease in the pH of the substrate, and the
release of H + was produced during the process of nitration of
urea applied.
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Fig. 8: Root dry mass (MSR) of Cupuacu tree seedlings,
according to the doses of nitrogen to 42days after the
beginning of weekly fertilization.

The treatments with the addition of nitrogen urea-based
provided a significant effect as the total dry mass. This result
may be associated with increased leaf area promoted by the
application of nitrogen in seedlings, and the accumulation of
matter relies intrinsically on plant photosynthesis, which is in
the middle of the production of carbohydrates, lipids, and
proteins. In this way, observing a quadratic effect, where the
dose of 64 mg.dm—3 N provided the maximum value of 3.44
g of MST (Figure 9). A similar response to nitrogen
fertilization was also found for [23], in the seedling
production experiment of thrush. [34], studying the
production of potted citrus seedlings, observed that the
significant quadratic effect promoted N production of the
seedling dry mass of Valencia orange tree. They found that at
a dose of 1,259 they found that at a dose of 13, dry mass and
maximum production 14,77g dry mass was obtained with a
dose of 6,029 per plant.
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Fig. 9: Total dry mass (MST) Cupuagcu tree seedlings,
according to the doses of nitrogen to 42 days after the
beginning of weekly fertilization. UFT, Gurupi-TO, 2010.

According to [23], this relationship is not MSPA/APA
commonly used, however, it can be of great assistance, to
predict the survival potential of the changes in the field.

In Figure 10, allows observing the response of Cupuacu
tree seedlings to nitrogen application in the substrate,
observing the quadratic effect, where the dose of 77 mg.dm-3
N provided the minimum value of 9.46 g of EPA/MSPA.
According to [18], the smaller the quotient obtained more
lignified part will be molting and greater survivability in the
field. [23], verified that the application of N in seedlings of
thrush, resulted in the best index to the APA/MSPA when
composted with the dose of 156 mg.dm—3 N, obtained
through the quadratic model, being the ratio of around 4.1.
[20], observed that the relationship between the height of the
aerial and aerial dry mass in the rootstalk of Saputizeiro, gets
the biggest result, i.e. the worst result, when not applied any
dose of nitrogen, having a maximum value of 7,41.
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Fig. 10: Relationship of time of the shoot by dry mass
offshoots in saplings, Cupuacu, depending on the
nitrogen doses to 42 days after the beginning of weekly
fertilization. UFT, Gurupi-TO, 2010.

Gomes (2001) [18] cited by Cruz et Al., [14], stated that
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the 1QD is a balanced formula, including the relationships of
the most significant morphological parameters as MST,
MSPA, MSR, APA, and DC, having this quality index was
developed by [35], working with change Picea glauca e Pinus
monficola in 1960.

Regression analysis pointed to be a quadratic response to
the application of urea during the cultivation of the Cupuacu
tree seedlings, having a maximum of 0.54 point 1QD, the
estimated dose 66 mg.dm-3 N (Figure 11). [14], found similar
results with nitrogen fertilizer based on ammonium sulfate
every 14 and 28 days in seedlings of seven-Peel. [23],
reported a quadratic effect of nitrogen dose on seedlings of
thrush grown in red-yellow argisols, where the addition of N
provided the highest, at 2.1de 173 mg.dm—3.

Observing the curvature of the quadratic model of the
Dickson quality index, similar to the parameters of APA, DC,
MSPA, MSR, and MST, analyzed previously, demonstrating
the occurrence values obtained. Segundo [36], the IQD was a
good parameter to indicate the quality of seedlings of Trema
micrantha, grown in nursery conditions suspended, since the
seedlings with highest rates showed higher values of diameter
of the collect, dry matter of the shoot, root and total system,
and smaller values of the ratio height/diameter of the stem.
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Fig. 11: Dickson quality index (IQD) Cupuacgu tree
seedlings, according to the doses of nitrogen to 42 days
after the beginning of weekly fertilization. UFT,
Gurupi-TO, 2010.

IV. CONCLUSION

The nitrogen fertilizer with a urea-based solution placed in
the substrate of the Cupuagu tree seedlings greatly affected all
morphological parameters evaluated. You can say that the
dosages of N, provided height growth of the shoot and stem
diameter of seedlings in the course of the evaluation period.

The maximum values in the parameters of shoot height,
stem diameter, leaf area, shoot dry mass, root dry mass and
total dry mass were obtained for fertilizations between 59.2
and 80mg. The ratio of shoot height by stem diameter and
shoot height by dry shoot mass showed that fertilizations with
66 to 80 mg.dm-3 of N should provide more balanced and
healthy Cupuacu seedlings, which was verified through the
IQC which indicated that doses of 66 mg.dm-3de cannot
promote a better quality standard of Cupuacu tree seedlings,
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being that the curve of the quadratic model of the Dickson
quality index was similar to the other parameters, so that it
can be indicated as a method of analyzing Cupuacu tree
seedlings.
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